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The relationship between Scaled quail and weather conditions also has been examined. Schemnitz (1961) 
METHODS Data
We used data compiled by TPWD from 1978 through 1998 to calculate regional quail abundance indices. During the first 2 weeks of Au-gust each year, TPWD biologists ran a series of 32.2-km census routes randomly selected and permanently placed throughout the ecological regions of Texas. Observations began either 1-hr before sunset or at sunrise when weather met a predetermined set of conditions. Observers drove at 32 km/hr and recorded the number of quail of each species visually observed (divided into singles, pairs, and coveys) and the approximate age of quail based on body size at 1.6-km intervals (Peterson and Perez 2000). We calculated our abundance indices as the mean number of quail seen per route per ecological region (Fig. 1A) during a given year.
The western extent of northern bobwhite and eastern extent of Scaled quail ranges fall within the Rolling Plains, Edwards Plateau, and South Texas Plains ecological regions of Texas (Reid 1977) . Therefore, all routes in these regions are not within the range of both species. If either Northern Bobwhite or Scaled quail had never been observed on a given route since it inception (1978), that route was not considered within the range of that species and was excluded when calculating mean abundance per ecological area. In this way, mean values were not artificially low in ecological areas at the fringe of a given species' range, thus allowing these values to be compared across physiographic regions.
We conducted power analyses (MINITAB 1998) to ensure that biologically significant fluctuations in mean abundance could be detected. These analyses revealed that a doubling in mean quail abundance (100%) could be detected in all ecological regions at the 1-B -0.80 probability level (a = 0.05).
Weather data were acquired from the National Oceanic and Atmospheric .Administration's (NOAA) National Climate Data Center (NCDC). These data included raw precipitation, Palmer Z Index (ZNDX), Palmer Hydrological Drought Index (PHDI), Palmer Drought Severity Index (PDSI), and Modified Palmer Drought Severity Index (PMDI) (http:// www.ncdc.noaa.gov). Numerical representations of weather conditions, as calculated monthly by NCDC, were acquired for the climatological regions of Texas. Climatological regions, while similar, did not perfectly match the ecological regions of Texas (Fig. 1) 
Analyses
Because trends in both quail abundance and weather data could confound correlative analyses, we used time-series regression (MINITAB 1998) to detrend both weather and quail abundance data. Because the residuals were not always normally distributed, we used Spearman's rank order correlation (MINITAB 1998) for all analyses. Tests were considered significant at the P < 0.01 level.
We first calculated a regional aridity index (P/ PE, where P = average annual precipitation and PE = average potential evapotranspiration) for each NOAA climatological region of Texas (Muller and Faiers 1995). These values were used later to assess whether data were consistent with the hypothesis that the weather indices evaluated below should be more strongly related to changes in quail abundance in comparatively dry versus wet regions.
We then tested the hypotheses that Palmer drought indices (ZNDX, PHDI, PDSI, PMDI) could account for more variation in quail abundance among years in the South Texas Plains than raw precipitation alone. We chose this ecological region primarily because both northern bobwhites and scaled quail occurred there and no long-term trends in the abundance of either species were observed during the 21-year survey period. We developed 12-month Palmer indices by summing the individual months (SepAug) preceding the annual TPWD quail abundance survey. We also developed a 12-month raw precipitation index in the same manner. The PHDI, PDSI, and PMDI were designed to assess long-term dryness or wetness of a region, so individual monthly values are dependent to varying degrees on preceding months. The fact that some information was duplicated does not matter for our purposes, because our 12-months indices were used simply as metrics for evaluating quail response, rather than as indicators of wetness or dryness. The degree of correlation between each of the 12-month Palmer The ZNDX was intended to examine shortterm weather conditions, while the PHDI was designed primarily to quantify the impacts of weather on the hydrological cycle (e.g. stream flow and water storage; Heddinghaus and Sabol 1991). Palmer (1965) created the PDSI to quantify the long-term impacts of departures from normal regional and seasonal moisture supply on a system. In 1989, climatologists modified the PDSI (creating the PMDI) to better represent real-time conditions and transitional periods (Heddinghaus and Sabol 1991). Because the ZNDX, PHDI, PDSI, and PMDI are closely related to each other, and for presentational simplicity, we chose a single Palmer drought index for all remaining analyses. We selected the PMDI because it was designed to quantify long-term weather impacts and better represent real-time and transitional periods.
We next tested the hypothesis that the 12-month PMDI could account for more variation in quail abundance among years than raw precipitation alone in each of the 6 Texas ecological areas discussed above. Twelve month PMDI and precipitation indices were calculated by summing the 12 months (Sept-Aug) prior to each year's quail survey. Finally, to further evaluate this hypothesis, we also determined the degree of correlation between individual monthly values of both the PMDI and raw precipitation and the annual mean number of northern bobwhites and scaled quail per route for each ecological region.
RESULTS
Conditions were progressively more arid from east to south and west in Texas (Fig. IB) . These relative aridity values serve as the context for the following results. All 12-month Palmer indices (PDSI, PMDI, PZI, PHDI) were correlated with northern bobwhite and scaled quail abundance in the South Texas Plains ecological region (Table 1) . For northern bobwhites, these correlations were somewhat greater than those obtained for the more traditional raw precipitation index.
Twelve-Month PMDI and Precipitation
The 12-month PMDI indices were correlated with the mean number of northern bobwhites observed per survey route in both the Rolling and South Texas Plains ecological regions ( Table  2 ). The 12-month precipitation index was correlated with annual mean northern bobwhite abundance only in the South Texas Plains. Neither the 12-month PMDI nor the 12-month precipitation indices were correlated with mean northern bobwhite abundance in the increasingly moist (Fig. 1) (Table 2) . These are among the most arid regions of Texas (Fig. 1) .
Monthly PMDI and Precipitation
The Northern bobwhite was the only species found in the wettest 2 ecological regions evaluated (Fig. 1) Relationships between quail abundance and weather were even greater in the arid South Texas Plains (Fig. 1) 
DISCUSSION
The 12-month PMDI index accounted for more variability in Northern Bobwhite abundance in the Texas ecological regions we evaluated than did the 12-month raw precipitation index. Not surprisingly, the other closely related Palmer indices performed similarly where evaluated. In most cases, more individual months were correlated, and monthly PMDIs accounted for more variability in both Northern Bobwhite and Scaled quail abundance among years than did monthly raw precipitation alone. Therefore, at the ecological region scale in Texas, our results are consistent with the hypothesis that PMDI is more closely associated with changes in quail abundance than raw precipitation alone. It also is clear that both the 12-month and monthly PMDIs, as well as the analogous raw precipitation indices, were more closely related to annual changes in quail abundance in relatively arid as opposed to wet regions of Texas (Fig. 1) . Therefore, these data are consistent with the hypothesis that precipitation-based weather variables are better predictors of changes in northern bobwhite and scaled quail abundance among years in dry as opposed to wet ecological regions.
Guthery ( It is likely that monthly PMDI was more highly correlated with changes in quail abundance than raw precipitation because it more accurately quantified the effects of weather on regional vegetational communities (Palmer 1965). Because native plants are adapted to weather conditions in a given region (Peoples et al. 1994), an index based on average regional weather conditions should better predict vegetational response than one based on raw precipitation or potential evaporation alone. Similarly, inclusion of soil moisture improves the ability to predict vegetational response. Moreover, limiting weather variables for the grassland ecosystems inhabited by quail cannot be adequately quantified by simple measures such as precipitation, temperature, and evaporation, but are controlled by complex interactions among precipitation, evaporation, and temperature (Risser et al. 1981:3) .
Because the PMDI and other Palmer indices better quantify the effects of weather on regional vegetation communities than does raw precipitation, temperature, or even evapotranspiration alone, it is likely that our approach could productively be adapted for other ground-nesting avian species endemic to semiarid grasslands. Because weather variables can markedly alter production and recruitment, particularly of more r-selected species, accounting for this variability in both conceptual and mathematical models is important. For example, the potential listing of the lesser prairie-chicken (Tympanuchus pallidicinctus) as threatened under the Endangered Species Act demonstrates the importance of being able to account for annual variability in density caused by weather so that long-term trends in abundance can be better elucidated. This study illustrates a productive way to account for variability in reproductive productivity among years for 2 species of ground nesting birds inhabiting semiarid rangelands.
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